Protein contaminations impact quantification and functional analysis of extracellular vesicle preparations from mesenchymal stromal cells
Research on extracellular vesicles (EV), including microvesicles and exosomes, has expanded widely in the last several years because of their prominent diagnostic and therapeutic potential in diverse fields of medicine [1] . Many cell types were found to release EVs, including tumor cells, dendritic cells, stem cells and progenitor cells. Especially for mesenchymal stromal cells, the EVs were investigated to provide answers regarding the mechanisms of how the cells have mediated functional effects in tissue repair and immuno-modulation [2, 3] .
Many of the EV isolation protocols involve the use of 0.5% bovine serum albumin (BSA) [4] or 1% human serum albumin (HSA) [5] during the time when otherwise serum-free media is applied to the cells to encourage the release of vesicles. The rationale behind this step is to prevent cell death and thereby reduce the amount of cell debris and apoptotic bodies that might be released into the conditioned media. However, it is known that bovine serum from which albumin is derived contains secreted vesicles under basal conditions that can have functional effects [6, 7] and that increased concentrations of EVs have been measured under stressful conditions [8] . Other groups have shown functional results using EVs isolated from culture media that contained 10% fetal calf serum (FCS) where the serum was not sufficiently treated to ensure exosome clearance [9] .
The addition of serum albumin, therefore, introduces two complications to the study of MSC vesicles. One, that the albumin may still contain native vesicles, and the second, that the protein quantification of vesicles must account for the added protein of the albumin. We tried to address this critical issue by producing "sham" vesicles made by applying the isolation procedure for EVs from MSCs to the BSA that would normally be added to the medium and called these "sham produced vesicles" BSA-EV. The complete procedure is shown in Figure 1 . Briefly, a 4-hour ultracentrifugation of 7.5% BSA (Sigma A8412) at 110,000g at 4°C was performed to Extracellular vesicles (EV) awakened interest in the research on mesenchymal stromal cells by exploring their paracrine effects. However, many isolation protocols use bovine serum albumin (BSA) during the preparation of the EV. Therefore, we produced 'sham' BSA-EV and tested them in comparison to EV derived from mesenchymal stromal cells (MSC-EV). We found that BSA-EV did not express MSC-specific surface markers like CD29 and CD90. However, they were capable of reducing serum-starvation induced apoptosis in vitro in a kidney epithelial cell line to a similar extent as MSC-EV as measured by Annexin V/7-Aminoactinomycin D labeling and flow cytometry.
B R I E F C O M M U N I C A T I O N
reduce native vesicles from the commercially prepared BSA. To mimic the amount of BSA that would be present in 200 ml conditioned media with 0.5% BSA, 13.2 ml of this ultra-centrifuged 7.5% BSA was then diluted with phosphate-buffered saline (PBS) (previously filtered through 0.1 µm pores) filling one ultracentrifuge tube to approximately 36 ml. The other 5 tubes were used to isolate vesicles from serum-free media with 0.5% ultra-centrifuged BSA added which was conditioned by 80% confluent umbilical cord MSC for 20 hours (MSC-EV). The conditioned media was already centrifuged at 2000g for 20 min at 4°C to remove cell debris before ultracentrifugation. After a centrifugation step at 12000g for 20 min at 4°C to remove apoptotic bodies, MSC-EV or BSA-EV were pelleted using centrifugation at 100,000g for 1 hour. The supernatant was removed down to 1 ml, pellets washed with 35 ml of 0.1 µm filtered PBS, and the 5 MSC-EV pellets were combined into one tube. Following another centrifugation at 100,000g for 1 hour at 4°C, the pellet of either MSC-EV or BSA-EV was resuspended in approximately 500 µl filtered PBS, aliquoted into cryotubes and frozen at -80°C until use. Protein quantification was performed using a bicinchoninic acid (BCA) protein assay kit applying the microplate protocol provided.
We found that BSA-EV showed a strong protein signal, with 3 different preparations showing a mean protein concentration of 203 ± 40 µg/ml, while MSC-EV contained 319 ± 177 µg/ml. Other investigators have noted difficulty in accurately accessing exosome protein quantities from culture media when control media is not used to account for bovine derived exosomes [10] . Consequently, quantification by total protein measurement, though frequently used, is neither meaningful nor accurate. However, by analyzing MSC-EVs and sham BSA-EVs coupled to 4 µm aldehyde/sulfate latex beads (Figure 2A) for expression of typical MSC surface markers, only MSC derived vesicles showed clear expression of CD90 and CD29 when analysis was performed with a MACSQuant ® flow cytometer and FlowJo software ( Figure 2B ). Despite lacking MSC-EV characteristics, BSA-EVs showed clear protective effects against starvation-induced apoptosis of the rat kidney epithelial cell line NRK-52E in vitro when evaluated with Annexin V/7-Aminoactinomycin D labeling by flow cytometry on a FACSCanto™ II analyzer ( Figure 3A ). The addition of 20 µg protein from either BSA-EV or MSC-EV led to a statistically significant reduction in Annexin V staining ( Figure 3B ). Other groups have shown an effect on the degree of apoptosis of a cardiomyocytic cell line under serumfree conditions when conditioned medium containing 1% HSA was used to isolate exosomes from human cardiac progenitor cells [5] .
Therefore, assays based on serum starvation must account for the effect of serum reconstitution from this added protein.
Our data conclude that the analysis of both quantity and functional effect of MSC-EVs produced by starvation medium containing serum albumin must be tested in comparison to appropriate "sham" vesicle controls to ensure they are based on cell-specific EVs rather than protein contamination. We recommend against using BSA during the isolation procedure to avoid inaccurate results for both the protein quantification and characterization of the physical properties and functional effects of the cell specific EV. 
